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Generation of Biocompatible Scaffolds for Modeling Tumor Microenvironments
What is Microfluidics? 
Microfluidics concerns itself with the design and
production of miniature environments where low
volumes of fluids are manipulated to achieve a desired
behavior.1 These environments prove advantageous in
the field of cancer research because they allow
researchers to closely mimic the tumor micro-
environment via the precise control of physiological
characteristics like:
• Hydrostatic pressure
• Shear stress
• Oxygen gradient
• Nutrient concentrations
Fabrication
Currently, the majority of microfluidic devices are
fabricated by way of soft lithography using PDMS.2 A
more recent alternative for fabrication is the use of
sacrificial molds produced via freeform 3D printing.
Sacrificial Molding
Using the sacrificial mold procedure and a biologically
compatible gel, like a collagen gel, one can create a
microenvironment capable of housing cells. These
systems can be fine-tuned to mimic biological
architectures and shed light on the behavior of diseased
cells, which facilitates research pertaining to cancer
diagnostics, progression, and treatment.
Micron-precision,  free-form 3D printer at UIUC.3
Procedure:
1. Print a scaffold from isomalt, a 
water-soluble glass, via free-
form 3D printing. 
Goal
• The characterization of the 3D printing method to standardize its output.
• To determine if and how temperature, pressure, feed rate, and batch affect the diameter of isomalt scaffolds 
printed via direct-write, freeform 3D printing. 
Conclusion
• Temperature, pressure, and feed rate parameters 
affect the print diameter: 
• Additional measurements are needed to model how 
temperature affects diameter.
• Print diameter does not vary between batches. 
Experimental Design
2. Cast  a biocompatible gel 
around the scaffold.
3. Dissolve the scaffold to reveal 
channels in the solidified gel.  
Source d.f. F Prob > F
Temperature 1 70.7 < 0.05
Pressure 2 141.52 < 0.05
Feed Rate 4 264.76 < 0.05
Batch 2 1.62 0.20
Error 106
Total 115
• An analysis of variance (AVONA)
revealed that temperature,
pressure, and feed rate had
statistically significant effects on
print diameter (thickness), but
batch number did not.
• There is a significant effect of
temperature on diameter, but
more investigation is needed to
model it. • The relationship between diameter, pressure, and feed rate 
can be expressed as: 
Results
Future Directions 
• Investigate methods to slow dissolution of isomalt.
• Isomalt is water-soluble, so it begins dissolving
quickly in biologically compatible gels, which impedes
proper channel formation.
• Scaffolds can be coated with a 100 mg/mL solution of
octadecane (C18) in hexanes to slow dissolution.
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Chemical Imaging 
and Structures Lab
II. Bright Field Images
Temperature 
• 265 F
• 275 F
Pressure
• 25 psi
• 50 psi
• 75 psi
Feed Rate 
• 0.15 mm/s
• 0.27 mm/s
• 0.6  mm/s
• 1.1 mm/s
• 2.4 mm/s
I. Scaffold Generation
III. Edge Detection Algorithm IV. Estimate Thickness
Neat and C18-coated isomalt scaffolds dissolving in water. 
